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Control over use of genetically modified products is a vital task within a risk-oriented model for surveillance over food
safety products all over the world including the Russian Federation.

Our research goal was to examine domestically manufactured food products in order to determine whether they con-
tained certain regulatory sequences typical for genetically modified organisms.

We applied polymerase chain reaction with hybridization-fluorescent detection in real time mode to examine
77 food products samples; the task was to determine whether they contained DNA enhancer (E-35S) and promoter (P-35S)
of S35 sequence belonging to cauliflower mosaic virus, terminator of nopaline synthase gene from Agrobacterium tume-
faciens (T-NOS), 35S enhancer (E-FMV) and promoter (P-FMV) of Figwort mosaic virus, as well as vegetable DNA in-
ducing soya DNA.

When analyzing the extracted DNA, we didn’t detect transgenic elements in any samples; however, there were vegetable
components reveled in them including 68.8 % samples with soya DNA. We established that some sausages were falsified as they
contained vegetable elements. In 15.6 % cases data on a product structure turned out to be false because soya DNA was not
listed on consumer package. Our research on determining soya DNA and transgenic elements in food products indicates that
soya ingredients have been added into food products in spite of their absence in relevant documents as recipe components.

All the obtained results taken into account, we assume it is necessary to improve control procedures for detecting ge-
netically modified and vegetable components used as ingredients in food products as their falsification can make for changes
not only in their consumer properties but also damage consumers’ health.

Key words: genetically modified organisms, enhancers, promoter, terminators, polymerase chain reaction, DNA soya,
vegetable DNA, falsification, food products safety.

Genetic engineering has been developing Every year plants with genetically modified
intensely over recent years and it has resulted hereditary properties are produced in larger
in creation of new selection technologies based quantities and more widely applied in agricul-
on targeted modification in plant genome [1]. ture [2]. Genetic modification gives them spe-
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cific properties that increase their resistance to
adverse climatic factors, pests, pesticides, and
diseases [3, 4]. According to the latest data
genetically modified cultures are grown on
almost 200 million hectares worldwide [5].
New lines of transgenic plants are created every
year in spite of all concerns related to insuffi-
ciently examined impacts exerted by geneti-
cally modified organisms (GMO) on human
health and the environment [6-8]. We should
note that at present, according to data provided
by the International Service for the Acquisition
of Agri-biotech Applications (ISAAA), there
are 526 genetically modified (GM) lines of 32
plant species registered all over the world [9].
27 GM-cultures out of them are allowed to be
used in the Russian Federation (15 corn lines,
10 soya lines, 1 beetroot line, and 1 rice line);
however, GM-plants can be grown only on test
land spots [10]". Nevertheless, we can run across
food products on the market, both domestically
produced and imported ones, that are made from
GMO-containing ingredients [11, 12].

Issues related to GM-products safety and
control over their application are being dis-
cussed all over the world [13-15]. Thus, a
threshold level for food GM-products marking
in Japan amounts to 5 %; in Australia and New
Zealand, 1 %; and in the EU countries, 0.9 %
[16—-18]. The RF legislation also stipulates that
population should be informed about GMO
contents in products [19]. In Russia alterations
into the Technical Regulations on food prod-
ucts marking came into force on December 26,
2018. Should such products be manufactured
with the use of GMO, then a «GMO» sign is
made on their package close to a unified sigh
for products allowed to be distributed on the
Eurasian Economic Union market; both signs
are to be of the same size and shape. This special
GMO marking is to be put on all products with
GM-components in them exceeding 0.9 %”.

Meat and food products made of processed
meat are an essential part in food rations con-
sumed by people in Russia. GM-soya is a fre-
quently occurring source of genetically modi-
fied components in meat products as there is
hardly an enterprise that makes sausage and
manages without it. However, not the fact itself
that vegetable protein has been added is impor-
tant but absence of any data on it. Surveillance
over adherence to scientifically substantiated
recipes that involves determining raw compo-
nents in finished meat products often reveals
falsifications, both regarding their contents and
their quality as well [20, 21].

A most vital task related to providing
proper quality and safety of food products is
to develop, implement, and update systems
for control over raw materials and finished
products using highly efficient analysis tech-
niques. Polymerase chain reaction (PCR), in-
cluding that performed in real-time mode, is
among such techniques applied within con-
trolling procedures and GMO safety assess-
ment [22, 23].

Our research goal was to examine do-
mestically produced food products and de-
termine whether they contained regulatory
sequences typical for genetically modified
organisms; the research was aimed at improv-
ing risk-oriented surveillance over food prod-
ucts safety.

Data and methods. Overall, we sclected
77 food products for determining genetically
modified ingredients in them; they were 73 meat
products (sausage, ham, and pate); 2 soya prod-
ucts (soya milk and soya cheese), 1 soya tex-
ture that was a component in a dressing for
instant macaroni product made of dried vege-
tables, and 1 bread sample that contained soya
flour. All the examined samples were homoge-
nized. DNA was extracted out of homogenized
samples with «DNK-sorb-S-M» kits (Rospot-

! On making alterations into certain legislative acts in the Russian Federation regarding improvements of the state regula-
tion in the sphere of genetic engineering: The Federal Law No. 358-FZ issued on July 03, 2016. KODEKS an electronic fund
for legal and reference documentation. Available at: http://docs.cntd.ru/document/420363719 (21.04.2020) (in Russian).

2CU TR 022/2011. Food products and their marking: The Customs Union Technical Regulations (last edited on Septem-
ber 14, 2018). KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/docu-

ment/902320347 (29.04.2020) (in Russian).
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rebnadzor’s Scientific Research Center, Rus-
sia) and «MagnoPrime FITO» (NekstBio LLC,
Russia).

PCR with hybridization-fluorescence de-
tection was performed in real time mode on
Rotor-Gene Q (Qiagen, Germany) and CFX96
(Bio-Rad, the USA) amplifiers. We performed
our research with reagent kits produced by Ro-
spotrebnadzor’s Scientific Research Center;
«AmpliSens GM Plant-1-FL» kit was used to
determine DNA fragments of an enhancer
(E-35S) and promoter (P-35S) in a sequence
belonging to 35S cauliflower pattern virus;
gene terminator of nopaline-synthase from
Agrobacterium tumefaciens (T-NOS); enhan-
cer (E-FMV) and promoter (P-FMV) of 35S
fig-wort pattern virus. «AmpliKvant GM
soya-FL» was used to quantitatively determine
GM-soya lines that had an enhancer (E-35S)
or promoter (P-35S) in a sequence belonging
to 35S cauliflower pattern virus in their ge-
nome. Besides, performing an analysis with
«AmpliSens GM Plant-1-FL» test system, we
determined plant endogenous control, that is, a
gene that was specific for plant genome (both
transgenic and non-transgenic); it was the evi-
dence that plant DNA occurred in an examined
sample. «AmpliKvant GM soya-FL» kit allowed
revealing soya DNA occurrence basing on use
of soya endogenous control.

Amplification was performed with Rotor-
Gene Q device as per the following procedure:
95°C for 15 minutes, 1 cycle; 95°C for
10 seconds, 59 °C for 1 minute, 45 cycles. The
procedure for CFX96 device was as follows:
95°C for 15 minutes, 1 cycle; 95°C for
15 seconds, 59 °C for 1 minute, 42 cycles. FAM,
HEX, ROX u Cy5 phosphors were used as
fluorescent compounds applied for determin-
ing specific sequences. We analyzed accumu-
lation curves for fluorescent signals as per
each detection channel using program software
installed on the devices. Results were inter-
preted basing on occurrence (or absence) of an
intersection between fluorescence curve on a
relevant channel with threshold curve that de-
termined occurrence (or absence) of threshold
cycle Ct value for this sample. The test was
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considered valid in case correct results were
obtained for controls of DNA extraction and
amplification. Data wee statistically processed
with Microsoft Excel 2010.

Results and discussion. We analyzed
77 domestically produced food products. Meat
products accounted for the biggest share of
them, 94.8 %. Having examined marking on
77 food products, including meat and soya
ones, we didn’t manage to find any data on
GMO occurrence in any of them. Having ana-
lyzed extracted DNA, we revealed that all
samples didn’t contain any fragments of en-
hancer (E-35S) or promoter (P-35S) in a se-
quence belonging to 35S cauliflower pattern
virus, gene terminator of nopaline-synthase
from Agrobacterium tumefaciens (T-NOS), as
well as enhancer (E-FMV) or promoter (P-FMV)
35S of 35S fig-wort pattern virus that fre-
quently occurred in GM-plants. Threshold cy-
cle values were not determined as per three
channels (Cy5, FAM, and ROX). But still,
vegetable components were detected in all
samples. The Figure below shows accumula-
tion curves for fluorescent signal obtained for
five food product samples as per HEX chan-
nel; these curves allow us to state that the
samples contain plant DNA (Figure).

At the next stage we examined food prod-
ucts in order to reveal soya DNA and regula-
tory sequences that were typical for GMO. To
do that, we used «AmpliKvant GM soya-FL»
reagent kit that allowed determining both
GM-components and falsification with soya
ingredients. Having analyzed the selected food
products, we didn’t find any transgenic con-
structions in them. But still, 68.8 % analyzed
samples contained soya DNA. However, data
on soya additives was absent in 15.6 % cases
and it means such products were falsified.
Their manufacturers used soya raw materials
which were not listed on their labels as com-
ponents in a finished product. We should note
that all such non-conformities were revealed
for sausages.

Conclusion. Our examination performed
on food products didn’t reveal any plant GMO
but instead we found plant DNA fragments
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Figure. Accumulation curves for fluorescent signal obtained for food products
samples No. 73-77 as per HEX channel with CFX96 device

including 68.8 % samples that contained soya
DNA. Soya was not listed among components
on consumer package in 15.6 % cases and it is
informational falsification. Results obtained
via determining DNA soya contents and trans-
genic construction elements in food products
indicate that additional soya ingredients were
included into them without being declared in
relevant documents as recipe components.
Therefore, our analysis allowed revealing
that data listed on food products labels are not
always credible as regards ingredients. These
cases are crude violation of the Federal Law
«On consumer rights protection» as regards
providing customers with reliable data. Ab-
sence of data on components which are in-

cluded into a food product on its label does not
conform to requirements fixed in the Customs
Union Technical Regulations TR TS 022/2011
«Food products and their markingy». Taking
these results into account, it is necessary to im-
prove control over occurrence of GMO and
plant components used as ingredients in food
production since food products falsification can
lead not only to changes in their consumer
properties but also cause damage to consumers’
health.
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